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Appln. No. 10/016,733 

Response dated June 2, 2004 

Reply to Office Action of March 4, 2004 

REMARKS/ARGUMENTS 

Remarks Regarding the Specification Amendments: 

The cross-reference to related applications has been revised to indicate the 
present status of these applications. 

Remarks Regarding Claim Amendments : 

Claim 1 has been amended to include the substance of Claims 4, 5, 6, 10, and 
1 7, which claims have now been cancelled. Applicants had an error in their response 
dated October 29, 2003 wherein the species election indicated Claims 1 1 and 1 3 
which should have instead read Claims 1 0 and 1 3 in order to have the dendrimer 
elected specified consistently. Amended Claim 1 has this dendrimer correctly 
specified and includes the dendrimer of Claim 13. 

Claims 2, 3, 7, 8, 9, 1 1, 16, and 18 are now either broader than the claim scope 
of Claim 1 or their substance has been added to amended Claim 1 . Consequently, 
these claims have been cancelled. 

Claims 12, 13, 14, 15, and 19 have their dependency changed to agree with the 
revised claims. Claims 13, 14 and 19 have had amendments entered to clarify the 
wording presented and not for any other purpose. 

New Claim 20 is supported by the examples and on page 14, lines 22-27. 

Arguments : 

The only rejection raised by this Action is the obviousness-type double 
patenting rejection over US Patent 6,585,956. To more clearly distinguish this 
present, improved aspect of the invention from the cited patent, Applicants have 
limited the present claims as shown above. The earlier work that resulted in the cited 
patent is illustrated by the article mentioned on page 3, lines 17-19 together with the 
differences stated on page 3, lines 19-24. On page 769 of that article (copy provided) 
it indicates that the amount of dendrimer-Pt is 5-15 mg/kg. This equals approximately 
1-10% by weight of platinum in the conjugate. The present claims indicate a higher 
loading of Pt in the conjugate that was not previously achieved and was obtained by 
the encapsulation of the Pt compound. A copy of a structure showing the Pt 
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compound in such a present conjugate is provided. This structure was not understood 
or known at the time the prior application was filed or by the authors. The authors 
believed the structure obtained was shown by Figure 1 on page 770 in their article and 
lead to a lower amount of Pt delivered by the conjugate. Thus it was suprising to find 
such an increased Pt loading when the present improvements were made to the prior 
invention. The encapsulated cisplatin is more water soluble than the prior cross- 
linked form, has more surface groups available to accept other groups being attached, 
and displayes more activity because of the increased available Pt. These improved 
features are shown by the added examples in the present application. Clearly, a 
further invention has been made and selected over the broader invention of the cited 
patent. The teachings of the cited patent to not specifically disclose the features of 
present claims; rather the present claims are directed to the new improvements. Thus 
Applicants believe that these amended claims are distinguished from the cited patent 
and request that these claims be allowed. 

Also note that both the cited patent and the present application are assigned or 
obligated to be assigned, respectively, to The Dow Chemical Company. 

Applicants believe that these Remarks and Arguments constitute a full 
response to the present Action. Applicants request that if there are issues remaining 
unresolved regarding any issues raised by this Action, that an interview in person or 
by telephone be granted to determine if allowable claims can be obtained. 



Respectfully submitted, 




Phone: (989)636-1687 

P. O. Box 1967 
Midland, MI 48641-1967 
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Navid Malik, Evagoras G. Evagorou, and Ruth Duncan, Anti-Cancer Drugs, 10, 767-776 
(1999) 

Donald A. Tomalia et al., 30 th Annual Controlled Release Soc. Meeting, Glasgow, Scotland, 
UK (July, 2003), Fig.of structure of PAMAM - cisplatin 
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Preclinical study 



Dendrimer-platinate: a novel approach to cancer 
chemotherapy 



Navld Malik, Evagoras G Evagorou and Ruth Duncan 

Centre for Polymer Therapeutics, Trio School of Pharmacy, University of London. 29-39 Brunswick Square. 
London WC1N 1AX, UK, 



A polyamldoamin* (PAMAM " ) dendrlrner generation 3Ji with 
a sodium carboxylate surface was conjugated to c Up I ail n 
giving a dsndrimer-platinate (dendrlm*r-Pt; 20*25 wr% 
platinum) which waa highly water soluble and released 
platinum slowly in vitro. In vivo iho dendrimer-Pt and 
clsplatfn were equkaetrvo Lp. against Lp. L1210, and at high 
doeo dendHnw-Pt given i.p- showed activity against lp. 
B16F10 whereas cisplatin did not Additionally, whan admi- 
nistered l.v. to treat a palpable s.c. B1GF10 melanoma, the 
dendrimer-Pt displayed antitumor activity whereas cisplatin 
was Inactive. Measurement of platinum levels in blood and 
tissues after Lv. injection of clsplatfn (1 mg/kg) or dandrlmsr- 
Pi (15 mgocgh-the mailmum tolerated doae (MTD) of these 
compounds— «howed selective accumulation of tha dendrl- 
mer-PI In solid tumor tissue by tha EPR effect (a 50-fold 
increase In area under curve compared wrih cisplatin). The 
dendrlmer-Pt was also less toxic (3- to15-fo|d) than clapIatJn 
and thus has potential for further Investigation as a novel 
antitumor approach, ( r 1909 Lipplneott Williams & WlJklne.J 

Key words: Dendrlrner, EPR effect. HPMA copolymers, 
platlnate, polymer therapeutics, tumor targeting. 



Introduction 

AJ though wc continue to Icam more of the genetic 
basis of cancer, discovery of chemotherapy effective 
for the treatment of the major diseases Concluding 

breast, colon, prostate and lung) remains a challenge 
for the next century. 1 Interesting preclinical (reviewed 
in by Duncan et n/. 2 * 1 ) and early clinical data*"* 
emerging from the development of Af<2-hyclroxypn> 
pyl)mci harxyiamide (HPMA) copolymcr-drug conju- 
gates suggest that polymer therapeutics constitute an 
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important new class of anticancer agents. Although 
still at an early stage of development they have shown 
antitumor activity in each of the Uiree phase I studies 
reported so far and the clinical dose schedule is still ro 
he optimized in respect of the known pharmaco- 
kinetics of these macromolecular prodrugs. 

Traditionally linear, hydrophilic polymers (like 
HPMA copolymers) have been examined as carriers 
for anticancer agents. Although the only polymeric 
carriers to be successfully transferred to the clinic, 
HPMA copolymer* have the disadvantage of lack of 
hiodegra liability in the main polymer chain (which 
limits the molecular weight range that can he safety 
administered to man), and they result In a poly disperse 
and heterogeneous product. The purpose uf this study 
was to investigate for the first time novel hyper 
branched polymers called dendrimers as potential 
carriers for antitumor agents. Dendrimers, sometimes 
also called arburols or cascade molecules, arc macro- 
molecules (rypicaUy 5000-500 000 Da) horn out of 
inn ova rive organic chemistry of the last decade 
(summarized in Newjcomc er a/. 9 ). They offer parti- 
cular advantages compared with linear polymeric 
carriers; their nanoseaie spherical architecture, narrow 
polydispersiry and the possibility io railor-make their 
surface chemistries. 11 ' They also have a relatively 
empry intramolecular cavity amenable to a host- 
molecule entrapment M with opportunities for subse- 
quent controlled drug release. Dendrimers have 
already been synthesized in a variety of forms 
(reviewed in Newkome et af. 9 ) but few are suitable 
for biomedical use, On finding that the anionic 
polyamidoamine starburst™ (PAMAM) dendrimers 
(sec Figure 1) were non-roxie in t'/M?, 12 PAMAM 
generation 3.5 with a sodium carboxylate surface and 
molecular weight 12 931 Da was selected for reaction 
with cisplatin to prepare a dendrrmcrplatinatc (den* 
drimer-Pt). 

Cisplatin and carboplarjn are Important anticancer 
agents. They are widely used in the treatment of 
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ovari:in, head and neck, and testicular cancer, and 
cisplatin is especially effective in ihc combined 
chemotherapy against squamous ceil carcinoma and 
small cell lung carcinoma. 19 However, the plarinate 
drugs still have well-recognized drawbacks, including 
low water solubility, severe toxic side effects and 
the inherent or acquired resistance seen In many 
tumors. 11 Synthesis of polymeric platlnarcs is an 
attractive means to increase platinum solubility, 
reduce systemic toxicity and localise more dnip, in 
the tumor via the enhanced permeability and 
retention effect (EPR effect) 1 * 1 * with consequent 
potential to overcome the wide ranging mechanisms' 
of resistance. We have already described the 
preparation and biological properties or polymer 
platinates prepared using natural polymers 17 (car 
boxyrncthyl dextrin; poly glutamic acid; alginates), 
polyamJUoamincs ,,, and HPMA copolymers, iy and it 
was considered importanr to compare the dendri- 
mcr-Pt with these linear poiymcr-platinates. 

First the rate of platinum release and cytotoxicity of 
the demlrimcr-Pt was dcterrnincd in vitro. Antitumor 
activity was assessed in vivo, initially using i.p. L1210 
and B16F10 models treated by i.p. administration of 
drug. This model wa» selected to allow historical 
comparison with the reported activity of low mole- 
cular weight platinates and to assess the ability of the 
dendrimcr-Pt to liberate active diaqua-platinum spe- 
cies. Subsequently, mice bearing palpable s.c. B16F10 
fa well<haracterized tumor model known ro capture 
polymeric antitumor agents by the EPR effcct ,,oyJO ) 
were used to study the pharmacological activity after 
i,v. administration. The biodLstrihution of cisplatin 
CI mg/kg) and dcndrimer-Pt (15 mg/kg) was also 
assessed in mice bearing s.c. B16F10 using atomic 
absorption spectroscopy (AAS) to measure platinum 
levels. 



Preparation of the dendrimer-Pt 

Initially experiments were conducted to optimize 
the synthesis by varying the dendrimcrrpJattiium 
(cisplatin) molar ratio (in the rang* 1:10 to 1:100). 
A ratio of 1:35 was selected for ail further 
syntheses. Typically, cisplatin (845 mg) was dis- 
solved in 422 ml doubltxlrionizcd distilled water 
(DDW) with gentle heating (30"Q. PAMAM den- 

drimer generation 3.5 (10% w/v solution in 
methanol diluted in 10 ml of DDW) was then 
added dropwisc under stirring. This solution was 
kept at room temperature and stirred for 4 h, 
during which time chJoride ion release was 
monitored using a chloride meter rjenway K-LM 
3). The reaction mixture was purified using either 
Ccntriprep concentrators (cut-off 3000 Da; Amicon, 
Watford, UK) by ccnuiftigation in three steps at 
4000 # over 90, 45 and 15 rnin steps (15 ml per 
concentrator) or by dialysis against DDW (Spcctro- 
por; 3500 Da cut-off). At each step the total 
volume in the concentrator was made back opto 
15 ml. The resultant sample was checked for 
purity using thin layer chromatography and then 
dried by lyophiliaariort. Total platinum was deter- 
mined cither by AAS or the r^hern/Icncdiainine Co- 
PDA) (colorimetric) assay." 

Release of platinum in wtro 

The dcndrirncr-Pt (5 rag/ml) was dissolved in phos- 

phatc-buffcred saline (pH 7.4) or citrate phosphate 
buffer (0.05 M. pH 5.5) and samples were dialyzcd 
against the respective buffers at 3TC for 72 h. The 
dlaly7Jtc was examined for platinum content (AAS) 
over time. 



Materials and methods 

Materials 

PAMAM dendrimer generation 3.5 was obtained from 
Aldrich (Potrfc, IJK). This dendrimer was prepared 
according to the methods of Tom alia and colleagues as 
described elsewhere/ 1 Cisplatin, 5^imcihyIthiazol-2- 
yl-2,5<iiphcnyl tetrazollum bromide (MTT) and di- 
methylsulfoxide were supplied by Sigma (Poole, ITJO, 
LI 210 cells were obtained from European Collection 
of Ceil Cultures (Centre for Applied Biology, Micro* 
biology and Research, Salisbury, Wiltshire WO and 
B16F10 cells were a kind gift from Professor Ian Hart 
(St Thomas' Hospital, London, UK), 



In vitro cytotoxicity 

Cisplatin or the dcndrimcpPt were incubated with 
throe cell lines: B16FI0, COR-L23 or L1210, 
B16F10 cells were seeded at a starting cell density 
of 1 x I0 1 ceib/weil and Cor T23 and L1210 cells 
Were seeded at 5xlf* 4 cvlLs/wcll; in a 9&wefl 
mlcrotitcr plates (RPMI 1640 media with serum, 59* 
CO^ ar 37'C) and left: to recover for 24 h. 
Cisplatin or demlrimer-Pr were added In fresh 
tissue culture mctlium, and after 72 h cell viability 
was assessed vising the tcrraioliurD-baacd colori- 
metric MTT assay/* Hesults are expressed as a 
percentage of the viability of cells grown in the 
absence of drop. 
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Evaluation of antitumor activity in vivo 



All animal experiments were carried out according to 
criteria laid down in the UKCCCR guidelines for the 
welfare of animals in experimental neoplasia. To 
establish the i.p. tumor models, B16F10 murine 
melanoma or L1210 (10 A cells) were injected into 
C57 male mice (6-8 weeks old) or DBA* male mice (6- 
8 weeks old) (Banton & Kingman, Hull, UK), 
respectively (five to 10 animals per experimental 
group). Cisplatin (0-5-3 mg/kg) or dendrimcr-Pt (5- 
40 mg/kg; note, ail doses shown arc given in platinum- 
equivalent doses unless otherwise stated) were 
administered i.p, (see Table 2). The B16F10 tumor 
was treated by a single dose on day ]; for LI 210. 
treatment was administered on days 1 , 2 and 3 after 

tumor inoculation. 

To provide a solid tumor model, B16F10 cells (10* 
ceils) were injected s.c.into C57 mice. Once the rumor 
had developed to palpable size, about 50-70 mm' (as 
measured by the product of two orthogonal dia- 
meters), the animals were treated by a single i.v. 
injection of cis platin (0.5- 1.0 mg/kg) or jiendrimer-Pt 

(3-15 mg/icg)! ' 

-^Tn^aB^cxpeiimencs animals were monitored for 
general health, weight loss, rumor progression and ac 
termination they were subject to post-mortem exam- 
ination. Where possible tumor weights were also 
measured at termination. 



Biodistribution of dendrimer-Pt 

C57 mice bearing a s.c. B16F10 tumor (as above) 
were injecred I. v. with either cisplatin 1 mg/kg (its 
maximum tolerated dose) or the dendrimcr-Pt (1 and 
15 mg/kg). After 0, 1, 5 and 24 h mice (five per 
group) were culled and a blood sample taken, and 
the tumor, liver and kidneys were removed. The 
organs were dissolved in a known volume of nitric 
acid (2 days, 10 M) and sufficient hydrogen peroxide 
(30% v/v) subsequendy added to a give colorless 
solution. Each sample was made up to a known 
volume with water and analyzed using an atomic 
absorption (flameless graphite furnace) spectrometer. 
Cisplatin was used as a standard with matrix 
matching. 



Statistical methods 

Ail the in vitro data arc expressed as the mean ± SD. 
All the in vivo data are expressed as the mean±SE. 
Statistical analysis of the mice survival time, tumor and 



Dendrrmer-platinate 

blood data were performed using the Students /•test. 
/><0,05 was considered statistically significant. 

Results 

Synthesis and characterization of 
dendrimer-Pt 

The reaction of PAMAM dendrimer generation 3.5 
with cisplatin in aqueous solution lead to faster 
chloride release than seen for cisplatin alone (results 
not shown). Chloride release was essentially complete 
within 4 h. The resultant dendrimcr-Pt preparations 
reproducibly displayed a platinum loading of 20-25 
wt% with a mean of 23,6 ± 1.8 wt% (Table 1) and were 
10-fold more soluble In water than cisplatin. ! H- and 
1 *C-NMR of the product showed distinct alterations in 
the spectra indicative of platinum conjugation at the 
dendrimer surface via carboxy groups. Size exclusion 
chromatography (GPQ and particle sizing by photon 
correlation spectroscopy (results not shown) revealed 
that the pJaunatc conjugate was comprised of a 
number of species with dendrimer cross-linked via 
platinum bridges giving an increase in size from 3- 
4 run in the parent dendrimer to the 30-40 run 
diameter of the dendrimcr-Pt. The proposed structure 
of the dcndrimcr-platinatc is shown in Figure 1. Free 
platinum species were not detectable in the conjugate 
by thin layer chromatography (JIO- As reaction of 
cispatin PAMAM dendrimer generation 4 (of molecular 
weight 14 215 Da and containing surface amine 
groups) gave no detectable platinum association this 
suggests inability of cisplatin to react with or become 
sequestered within the dendrimer core. 

During incubation of the dendrimer-Pt in buflers at 

pH 7.4 and 5.5, selected to mimic the environment 
that would be encountered in plasma and tntraccUu- 
lariy in the secondary lynosomes, no platinum release 



Table 1. Characterization of several batches of 
dendrimer-Pt 



Batch 


Pt content 

(Wf%) 


Method 
of analysis 


1 


230 


>P0A 


2 


22.0 


oPDA 


3 


23.2 


AAS 


4 


23.8 


AAS 


5 


24.5 


AAS 


8 


21 .8 


AAS 


7 


26.9 


AAS 



MBan=23.6±1.a wt%. 
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Figure i. Proposed structure of generation 3.5 PAMAM dendrimer-Pt wfth the three possible different PI bindng sirunures: 
monodendate, bidendate and cross-finked. 
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(less than 1% of the local platinum) was detected aver 
72 h (Figure 2). 



Cytotoxicity of dendrimer-Pt in vitro 

The dendriraer-Pr (IC 50 values from 500 to > 2000 vg/ 
ml Pt equivalent) was much less toxic (200- to 550- 
fold) than cisplarin (IC^ values 1-10 pg/mD when 
incubated with CCRF, COR 123 and B16TI0 cells 
(Figure 3). Indeed, against the B16F10 line the 
conjugate was completely inactive over the concentra- 
tion range used (Figure 3c). Macromolecukr drug 
conjugates are typically poorly active in vitro com- 
pared to conventional antitumor agents, 2 as unlike 
small molecules which rapidly (within minutes) 
penetrate the cell membrane, chcy enter the cell 
relatively slowly by endocyrosis and the active species 
are liberated very slowly thereafter. However, in vitro 
.screening cannot be used as a predictor of therapeutic 
activity of macromolccular conjugates in trivo? 



In wo pharmacology and 
pharmacokinetics 

Initially, the dendrimer-Pt was evaluated against i.p. 
mouse tumor models followed by i.p. eminent. Mice 
bearing i.p. I] 210 leukemia treated with the dendr* 
mer-Pr displayed a T/C of >J9l% (one long-cerra 




Figure 2. In vitro release of platinum from generation 3-5 
PAmaM dendrimer-Pt. During incubation in phosphate- 
buffered saline at pH 7.4 (+) and in citrate phosphate 
buffer at pH 5.5 (O)- Data represent mean±SD; n=3. 
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Figure 3. Cytotoxicity of dsplatln and the generation 3.5 
PAMAM dendrimer-Pt (a) CCRF cells, (b) COR L23 crfft. 
(c) B16F10 ceils. In all cases the cytotoxic^ of risplatin (O) 
and generation 3.5 PAMAM dendrimer-Pt (■) are show. 
Concentrations are expressed In platinum eouKmlents. Data 
represent mean±SD; n=3. 
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survivor). This was better then the T/C seen far 
dsplaiin at Irs MTD (171%). Tlicse observations 
confirm rhe ability of die dendrimcr-Pt ro release a 
biologically active diaqua-pJarinum species. The den- 
drimcr itself displayed neither antitumor activity nor 
toxicity when given at 95 mg/kg x 3 Ohe equivalent 
dose to that used in the highest platinum conjugate,) 
(Table 2 and Figure 4a). The dendrimer-Pr was 
approximately frfbld less toxic than cisplatin (Table 
2 and Figure 4b). 

Cisplatin was inactive against the Lp. B16F10 tumor 
model at its MTD and although the dendrimer-Pt was 
also poorly active, at the highest dose (IS mg/kft) it 
displayed a significant increase in T/C (129). \n 
addition, the B16F10 tumors recovered at termination 
after treatment with dendrimer-Pt at 15 mg/kg had a 
significantly lower weight than those recovered from 
the control and cisplatin groups (Figure 5). Indeed the 
animals treated with dendrimer-Pt at 15 mg/kg were 
removed from the experiment due to late onset 
toxicity rather than tumor growth. 

Although these I.p. models have traditionally been 
used to screen the acrMty of low molecular weight 
platinates, 2 they do not allow for preferential tumor 
accumulation by the EPR effect. Using the s.c. B16F10 



Table 2. Antitumor activity of generation 3.5 dendrimer-Pt 
after i.p. administration to treat i.p. tumor models 



Treatment 



B16 Melanoma* 
cisplatin 
dendrimer-Pt 



11210" 
cisptatin 
cisplatin 

dendrimer-Pt 



dendrimer 
generation 3.5 (polymer 
(no platinum) alone) 



Dose R 


T/C a 


Toxic 


(mg/kg) 


(%) 


deaths 


5 


89 NS 


2/5 


5 




QY5 


10 


108 ns 


0/5 


15 


129— 


5/5 


2 


17T' 


0/10 


3 


64 NS 


9/10 


2 


>191 (I/SITS*)" 


0/5 


5 


118* 


1/5 


10 


144*' 


0/5 


15 


146" 


075 


25 


40 NS 


5/5 


50 


40" 3 


5/5 


95 mg/kg 


100^ 


0/5 



"Mean survival of the treated groupftnean survival at the untreated 
control group x 100. 

b Ce*s inoculated i.p. on day 0. animals treated i.p. on day 1, single 



c CeHs inoculated on day 0, animals treated on days 1, 2, 3, three 
doses. 

Vrs, long-term survivors after 30 days. 

Statistical analyses wen? earned out using the Students Hest (small 
samples); NS, not srgn'rficam; *p<0.05; "p<o.0t; w p<a0O1. 



tumor model the dendrimer-Pr showed significant 
antitumor activity whereas cisplatin soil not active 
at its MTD (Figure 6). Evaluation of the biodisrribudon 
of cispbiin( mg/kg) and dendrimer-Pr (1 or 15 mg/kg) 
after i.v administration to mice bearing s.c. B16F10 
showed that cisplatin and dendrimer-Pt had a similar 



(A) 



2f* 



140 i 
130 
120 



ff 110-^ 

-a loo H 
n 

.§ 

5 90 h 



80 i 
70 




-p- 

5 



(b) 



10 

Time (day?) 



— r- 
15 



20 



140 




IB 

Time (days) 



25 



Figure 4. Effect of I.p. treatment on the might of mice 
bearing L1210 tumors I.p, (a) Weight loss after treatment 
with saline (Q); cisplatin 3 mg/kg * 3 (•); cisplatin 2 mo/ 
kg * 3 (O) and PAMAM generation 3.5 alone (95 mgAg x 3} 
(■). (b) Weight loss after treaunem with salne (□); ctsptatln 
2 mg/kg x 3 (O); dendrimer-Pt 5 mg/kg (X); dendrtner-Pi 
10 mg/Kg and dendrimer-Pt 15 mg/kg [a), in al cases 
data represent mean±SD; n=5. 



772 Antf-Camer Om$s - !'«/ in* 1999 



♦ Jun '01 04 04: 57p 
07/13/01 15:33 



Dendritic Manotech 989-774-4199 
O INFOTRIEVE 5 

07019901 



p. 7 
©008/011 



blood clearance at a dose of I mg/kg, but the higher 
dendrimcr-Pt dose (1 5 rag/kg) showed a much slower 
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Figure 5. The weight of i.p. inncculated B16F10 lumors 
taken at termination from C57 mice. Data represent the 
roean±SD; r*a5. 
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Figure 6. Mean survival of mice bearing a solid B16F10 
tumor (s.c.) treated i.v. with cispiatin or generation 3.5 
PAMAM dendriroer-Pt Ail doses are expressed as platinum 
equivalents and T/C is the mean survival time of (he treated 
grouprtnean survival time of the untreated control group as a 
percentage. 



Dendrimer-plaitnatt 

blood clearance rate (Figure 7a). The platinum levels 
measured in s.c. BK5F10 tumors showed thai admin- 
istration of the deodriraer Pt produced a 5- to 5<Mbld 
higher pjatinuro concentration (depending on dose) in 
tumor tissue than can be achieved for cispiatin at its 
MTD (Figure 7b). The platinum levels detected in 
kidney and liver (Figure 7c and d) showed that 
administration of the dendrimcr-Pt did not cause an 
equivalent increase in AUC in these normal tissues 
(Tahle 3) even at an equhdose of dcndrimcr-Pt. 



Discussion 

In a recent phase \ study, 5 the HPMA copolymer 
conjugate PK1 (FCE 28068), which contains doxor- 
ubicin linked to the polymer via a Gly-Phe-Leu-Gly 
linker designed for cleavage by the lysosomal thiol- 
dependent proteases, showed an MTD of 320 mg/m J 
(dox^quivalent), no polymer-related toxicity and 
antitumor activity in several chemotherapy refractor y 
patients. These early clinical observations have verified 
our approach for the design of novel polymer-drug 
conjugates with reduced nonspecific roxieiiy and the 
abiliry to display antitumor activity in chemotherapy* 
refractory patients. In addition there is evidence to 
support the concept of solid tumor targeting via the 
EPR effect using polymer therapeutics in man. 2 * 

Here we have shown, for the first time, that 
hyperbranched dendritic polymers may also be devel- 
oped as polymer therapeutics for improved delivery of 
antitumor agents. The PAMAM generation 3-5 dendri- 
mer had a high platinum carrying capacity (20-25 
wt%), much higher than seen for HPMA copolymer 
platinates (3-8 wt%) 19 and a linear polyamidoamJne 
pladnate (generally 5-10 wt9Q. !H Like HPMA copoly- 
mer- doxorubicin^ and HPMA copolymer-platinates, 1 * 
the dcndrtinerPt accumulated selectively in s.e. 
B16F10 tumors by the EFR effect (Figure 7b), 
Exposure of rumor tissue to a much higher platinum 
concentration than can be achieved using cispiatin at 
its MTD resulted in antitumor activity in this cispiatin 
refractory tumor (Figure 6). It should be noted that the 
exact proportion of the dendrimerPt made available as 
the active diaqua-spedes intratumo rally is not yet 
known and indeed the time course of platinum 
liberation from the conjugate must be determined. 
However, the improved activity in the s.c. solid tumor 
model versus the i.p. ascites is indicative of the 
importance of the EPR effect in tumor targeting. 
Clinically, platinum resistance typically exhibits a 1- to 
5-fold resistance index. 2 * The observation chat the 
<J end rimer- Pt displays a dramatic increase in tumor 
platinum concentration may have important impbea- 
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lions for ihc design of new polymer therapeutics 
which should be able to overcome the plethora of 
platinum-resistance mechanisms described to date. 
The dendrimcr-Pt should be tested against normal and 
resistant tumors to verify this hypothesis. It is 
noteworthy that the PAMAM pladnate described here 



had a markedly reduced toxicity Jn all experiments 
irrespective of the route of administration (Table 2 and 
Figure 6), 

HPMA copolymer molecular weight has a marked 
effect on ihc magnitude of the EPR effect. 27 Polymers 
of molecular weight greater then the rcnaJ threshold 
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Figure 7. Biodtetrlbutbn of cisplalin and generation 3.S PAMAM ctendrimer-R after i.v, ejdNnistration to mico bearing sjc. 
B1GF1D tumors, platinum levels wore measured by AAS and in each case data represent mean ±SD; rt=X (a) Blood, (b) 
Tumour, (c) Kidney, (d) LJver. Key In each ease: dspiatin 1 mo/Vg (o) and the generation 3.5 PAMAM dendrlmer-Pt at doses 
of 1 mg/kg (■) or 15 mg/kg (a). 
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Table 3. Area under curve {jip/Qfa) for platinum levels in 
various tissues taken from C57 mice bearing sx. B16F10 
tumors after administration of clsplatin and dendrimer-Pt 



Organ 


Cispfatin 


Dendrimer-Pt 


Dendrimor-R 




(1 mg/kg) 


(1 mg/kg) 


(15 mg/kg) 


Blood 


9.5 


10.7 


502.0 


Liver 


51.6 


17,0 


1932 


Kidney 


57.6 


138.1 


244.2 


Tumor 


5.3 


25.4 


264.8 



(>40 000Da) and thus not subject to rapid renal 
elimination, display prolonged blood circulation times 
leading to continued tumor accumulation as long as 
the blood concentrations are high. Unfortunately it is 
not possible to capitalize on the benefit afforded by 
high molecular weight using IIPMA copolymers as 
they are not biodegradable in the main chain and 
therefore unsuitable for repeated clinical administra- 
tion with the risk of prolonged tissue accumulation. 
Although here wc used PAMAM dendrimer generation 
3-5 of molecular weight 12 419 03, the platinate 
formed probably contains intcrmotccular crosslinks 
which result in a conjugate of Increased molecular size 
(Figure I), optimal tumor targeting may therefore take 
place before degradation releases the active platinum 
species and liberates the parent dendrimer molecules 
that are small enough to be eliminated. Undoubtedly, 
dendrimer characteristics such as size, surface func- 
tionality and molecular flexibility will all influence the 
extent of tumor capture by the EPR effect, and further 
studies are underway to gain a better awareness of the 
factors important for engineering the dendrimer 
structure to maximize tumor capture. PAMAM den- 
drimer pbtinatcs have been prepared using generation 
4.5 (26 2f7 Da) and 5-5 (50 865 Da) to allow systema- 
tic study. 

Modification uf the dendrimer surface may also 
provide the opportunity to introduce ligands diar can 
facilitate iccepcnr mrtliatcd tumor targeting. Boro- 
narcd PAMAM dendrirners have been linked to 
antitumor antibodies 29 and epidermal growth factor 
(EOF)'' as a means to improved boron neutron tumor 
therapy. It is questionable whether receptor-mediated 
targeting can augment tumor drug concentration 
significantly better than the EPR effect. Using Fischer 
rats bearing a C6-EGF transfected glioma it was found 
that i.v. injection of "'i-labefed bomnaicd PAMAM 
generation 4 containing EGF resulted in relatively low 
levels of rumor localization: aCM and 0.006% dosc/g at 
24 and 48 h. respectively.^ Concomitantly 5-12% 
dose/g of the radioactivity was localized in liver and 
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spleen. EGF receptors in liver or inherent propensity 
of the amine surface-modified generation 4 dendrimer 
to localize there could be responsible. More than a 
decade of experience has shown that even rhe roost 
promising imrnunoconjugatcs designed for rhe treat- 
ment of solid tumors* 1 have failed to realize thdr 
potential clinically due to nonselective toxicity/ 11 
Greater understanding of whole body and cellular 
pharmacokinetics of naked and modified hyper- 
branched molecules i* needed for optimal desjg p of 
organ- and cell-specific sirucrures, but these first 
experiments provide considerable optimism for future 
use of dendrirners as turaoritropic drug carriers. 
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